Objective To assess the long term effectiveness of the "green prescription" programme, a clinician based initiative in general practice that provides counselling on physical activity. Design Cluster randomised controlled trial. Practices were randomised before systematic screening and recruitment of patients. Setting 42 rural and urban general practices in one region of New Zealand.
Introduction
Physical inactivity is an independent risk factor for cardiovascular and other diseases. 1 Interventions using physical activity can help to reduce cardiovascular risk factors, diabetes, obesity, osteoporosis, and symptoms of depression. 1 Such interventions can also improve quality of life, which is an important predictor of physical functioning among older age groups. 2 General practice in New Zealand and the United Kingdom is an ideal setting to identify sedentary adults and deliver brief interventions advising on physical activity as more than 80% of adults visit at least once a year. 3 Although gains in physical fitness and activity have been reported after such interventions in general practice, [4] [5] [6] health benefits have not. Findings from previous studies have had limited generalisability because patients were drawn from only one or two practices, 5 6 or were mostly volunteers from high socioeconomic groups. 4 This study assessed the effectiveness of a sustainable, clinician based initiative providing advice on physical activity, the "green prescription" (see box), by using a screening process for physical inactivity and delivery of the intervention during typical consultations in general practice among a diverse population.
Methods

Design
We used a cluster randomised controlled trial design. We stratified participating general practices by size and computer randomised them at a distant site before recruiting patients. Rolling recruitment of patients from each practice was spread evenly from April 2000 to April 2001. Researchers spent one week at each practice enrolling patients and completing baseline assessments.
Participants
All urban and rural general practitioners in the central and eastern Waikato region of New Zealand were invited to participate. This region spans 10 000 km 2 and has a population of 200 000, including one metropolitan city and 10 small rural and semirural towns.
All patients aged 40-79 years who attended the participating practices during a five day period received a screening form, based on currently recommended levels of physical activity, 1 to establish eligibility. One question on the form was: "As a rule, do you do at least half an hour of moderate or vigorous exercise (such as walking or a sport) on five or more days of the week?" Patients who answered in the negative were invited to participate in a clinical trial that entailed a lifestyle intervention delivered by their general practitioner.
Patients were excluded if practice personnel considered them to be too unwell to participate, if they had a debilitating medical condition or a known unstable cardiac condition, if they did not understand English, or if they were expecting to leave the region. Patients remained blind to whether they had been allocated to the intervention during screening for activity and enrolment. No patients were excluded after enrolment.
Measures
Primary outcome measures, evaluated at baseline and at 12 month follow up, included change in total expenditure of energy and leisure time expenditure of energy, cardiovascular risk (as assessed by systolic and diastolic blood pressure and coronary heart disease risk), and quality of life. Measures of potential harm included change in injuries and falls in the previous month and admission to hospital in the previous year. We used a self administered questionnaire from the Auckland heart study, which prompts for recall of physical activity over three months, to estimate total and leisure time expenditure of energy. This questionnaire had been validated among 113 randomly selected adults, 7 and was revalidated by our team with a seven day activity diary and pedometer among 34 less active adults in a primary care population before the main study (unpublished data). We measured pulse and blood pressure with a Speidal and Keller OSZ 5 electronic sphygmomanometer after participants had been sitting quietly for at least five minutes. We took three recordings and used the average of the second and third readings. We obtained weight from electronic scales and height from a standard tape measure. In addition to measuring variables electronically we used signed witness statements of verification to minimise assessor bias. We obtained random serum lipid values from a venous sample taken by a researcher and analysed all samples on the day of collection at an ISO 9002 accredited laboratory. We also recorded current prescribed medications. We used the self administered "short form 36" (SF-36) questionnaire to assess quality of life outcomes. 8 
Delivery of intervention
After we had enrolled patients and ascertained their physical activity status, patients receiving the intervention used a form given by the researcher to prompt their general practitioner or practice nurse during the consultation to deliver the green prescription programme. General practitioners in the control group delivered usual care to participants in the study. Control patients were offered the intervention at the end of the study.
Sample size calculation
A sample size of 800 patients from 40 practices ( =0.05, power=90%) was required to detect differences in change between the intervention and control groups of one hour of moderate physical activity per week, 4.5 mm Hg systolic blood pressure, 10% relative risk of cardiovascular events, and six points of SF-36 "vitality." We assumed an attrition rate of 25%. To account for the effect of clustering, we adjusted the sample size calculations by using intraclass correlation coefficients of 0.05, 0.016, 0.0036, and 0.05 for physical activity, blood pressure, cardiovascular risk, and "vitality," respectively, based on estimates from previous studies.
9-11
Analysis
We used a self report questionnaire from the Auckland heart study to record duration, frequency, and intensity of physical activities and rest during leisure time, occupation, at home, and during transport. We used an empirically based compendium to calculate expenditure of energy during leisure time and in total (kcal/kg/week). 12 We calculated four year risk of coronary heart disease for participants under 75 years of age, using the Framingham equation for participants without previous cardiovascular disease and the D'Agostino equation for participants with previous cardiovascular disease. 13 14 We carried out the coding and double data entry using Microsoft Access (1997). We analysed differences between intervention and control groups in change of outcome variables by using random effects models in Stata 7.0 (generalised least squares) and SAS 8.2 (mixed model), to allow for clustering by practice. All outcome analyses were by intention to treat, according to random allocation. We adopted a conservative method whereby baseline observations were carried forward for missing data of all outcome variables except four year risk of coronary heart disease. For this variable, mean increase in risk in the control population was used for participants who failed to attend follow up. We adjusted analysis of blood pressure for changes in medication.
The "green prescription" intervention
• Primary care clinicians are offered four hours of training in how to use motivational interviewing techniques to give advice on physical activity and the green prescription • Patients who have been identified as "less active" through screening at the reception desk and who agree to participate receive a prompt card, stating their stage of change, from the researcher, to give to the general practitioner during consultation • In the consultation, the primary care professional discusses increasing physical activity and decides on appropriate goals with the patient. These goals, usually home based physical activity or walking, are written on a standard green prescription and given to the patient • A copy of the green prescription is faxed to the local sports foundation with the patient's consent. Relevant details such as age, weight, and particular health conditions are often included • Exercise specialists from the sports foundation make at least three telephone calls (lasting 10-20 minutes) to the patients over the next three months to encourage and support them. Motivational interviewing techniques are used. Specific advice about exercise or community groups is provided if appropriate • Quarterly newsletters from the sports foundations about physical activity initiatives in the community and motivational material are sent to participants. Other mailed materials, such as specific exercise programmes, are sent to interested participants • The staff of the general practice is encouraged to provide feedback to the participant on subsequent visits to the practice Figure 1 shows the practice recruitment rate (74%). Figure 2 shows screening of patients, recruitment, and follow up. Sixty six per cent of screened eligible patients (878/1322) were enrolled in the study. Follow up at 12 months was completed in 85% (750/878) of participants.
Results
Of the 451 intervention patients, 385 received the intervention from a general practitioner and 66 from a practice nurse. Of the patients who attended follow up, 10/361 (2.8%) control and 370/389 (95%) intervention patients recalled receiving a green prescription during the previous year. Subsamples of 31 general practitioners and 19 nurses estimated spending an average of 7 minutes and 13 minutes per patient, respectively, delivering the green prescription intervention. Table 1 shows close matching on baseline characteristics of intervention and control groups. Most primary outcome measures improved in both groups over 12 months. However, physical activity during leisure time and total expenditure of energy increased more in the intervention group than in the control group, as did the "general health," "role physical," "vitality," and "bodily pain" scores on the SF-36 (table 2). Table 2 shows that systolic and diastolic blood pressure improved significantly from baseline in the intervention group, but the change did not differ significantly from that achieved in the control group. The difference in the change of risk of coronary heart disease between the two groups did not reach significance. The odds ratios of having a fall or injury in the previous month, or being admitted to hospital over the previous year at follow up compared with baseline were not significantly different between intervention and control groups. The odds ratios for intervention patients were 1. 19 
Discussion
The green prescription intervention in general practice is effective in increasing participants' physical activity and improving quality of life over 12 months without evidence of adverse effects. A trend towards decreasing blood pressure also became obvious, but we detected no significant change in the risk of coronary heart disease.
For every 10 green prescriptions written, one person achieved and sustained 150 minutes of moderate or vigorous leisure activity per week, at 12 months. Achieving this amount of activity (using up an additional 1000 kcal/week) is associated with a 20-30% risk reduction in all cause mortality compared with sedentary individuals. 16 
Limitations
This study did not have sufficient statistical power to detect a change in blood pressure of 1.4 mm Hg as sample size calculations used larger estimates from previous reviews of exercise and blood pressure. 17 The clinical significance of such a small change in blood pressure across a population is also questionable. However, a reduction of diastolic blood pressure of 2 mm Hg in an adult population could lower the prevalence of hypertension by 17%, the risk of coronary heart disease by 6%, and the risk of strokes and transient ischaemic attacks by 15%. 18 Changes in blood pressure in this study resemble long term changes achieved by other lifestyle interventions such as weight loss or salt reduction programmes. 19 Using multiple comparisons to assess the three primary outcomes may incur a risk of detecting an effect where none exists (type I error). However, if predefined multiple outcomes are needed to show several effects multiple comparisons can be justified without the need for adjustment. 20 Although a significant increase in leisure energy expenditure could be shown in isolation, ensuring that total energy expenditure had not decreased overall is important. In addition, an attempt was made to detect some of the potential benefits for health and quality of life from a physical activity intervention. Although this study was not powered to perform subanalyses by sex, men tended to increase their activity more than women. More research is needed to clarify the reasons behind sex differences in the success or failure of particular interventions.
Strengths
The findings of this study have widespread generalisability as the study included a socioeconomically diverse sample from a large geographical region, and rates of participation were high. The green prescription intervention is sustainable and has been used by more than 50% of general practitioners in New Zealand. 21 This study used a true control group, and the patients prompted their usual general practitioner or nurse to deliver the intervention. Thus it differs from previous studies that did not find a change of outcome of physical activity in the long term and may indicate the importance of prompting by the patient and the role of the usual practitioner as an agent of intervention, as opposed to a visiting activity specialist. 22 We used a systematic screening process, few exclusion criteria, self administered questionnaires, objective and electronic health measures, and signed witness *Cholesterol testing and 4 year risk assessment of coronary heart disease 13 14 were carried out on a randomly selected subsample to contain costs (n=787). A further 51 participants declined to have cholesterol testing done.
†Leisure physical activity refers to the energy expenditure of all leisure time physical activity considered moderate or vigorous by the respondent. ‡Leisure exercise refers to minutes spent per week in leisure time activities of moderate or vigorous intensity that required at least three times the metabolic energy expenditure of sitting quietly (3 METs) when classified according to a standard physical activity compendium. 12 15 §Economic status was measured at baseline by qualification for a low income health subsidy card. 43% of adults over 45 years of age in New Zealand qualify for this card.
¶Hypertensive refers to a previous diagnosis of hypertension and taking antihypertensive medication or a mean blood pressure of greater than 150 mm Hg systolic or 90 mm Hg diastolic.
statements of results to minimise the risk of recruitment and assessor bias resulting from the lack of blinding. Baseline characteristics were well balanced.
As with other physical activity trials, a risk existed of recall or social desirability bias when using self reported physical activity as an outcome measure. However, the physical activity questionnaire used in this trial was validated before the trial against pedometers and seven day diaries among less active adults in general practice. Using questionnaires to record information on physical activity has been shown to be both practical and valid for epidemiological study compared with more objective measures such as motion sensors, heart rate monitoring, and doubly labelled water. 23 24 The trial was clustered by practice to reduce the risk of the intervention being contaminated. This technique also meant that study participants were less aware of differences between intervention and control arms, but both were aware that they were part of a study that asked about exercise. As such we suspected that any "social desirability" bias may well apply to the control and intervention groups in similar ways.
Implications
To evaluate cardiovascular benefits, larger samples capable of detecting smaller blood pressure changes and longer follow up periods are recommended. Alternatively, more intensive continuing support may improve compliance and the health benefit, as has been shown elsewhere. 4 However, this study has shown that prompting the usual general practitioner for brief advice, coupled with ongoing telephone support, can change people's behaviour with respect to physical activity and improve self rated variables including general health, vitality, role physical, and bodily pain for at least a year. If implemented widely, such a strategy could result in major health benefits for sedentary people.
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What is already known on this topic
Counselling patients in general practice on exercise has resulted in gains in physical fitness and activity, but no health benefits have been found
What this study adds
Counselling patients in general practice on exercise is effective in increasing physical activity and improving quality of life over 12 months without evidence of adverse effects
The intervention may reduce blood pressure by an average of 1-2 mm Hg over 12 months No changes in the risk of coronary heart disease were observed
The intervention is sustainable in usual general practice Prompting practice staff to deliver the intervention may have increased its effectiveness 
